Community-acquired methicillin-resistant Staphylococcus aureus (CA-MRSA) infection occurs commonly in children. Clindamycin resistance may be inducible or constitutive, and the rates of inducible resistance in CA-MRSA that could produce clindamycin treatment failures vary worldwide. The double-disk test was performed in 197 erythromycin-resistant and clindamycin-susceptible CA-MRSA strains from children in Dallas, Texas, from 1999 to 2002 to determine inducible clindamycin resistance. Resistance mechanisms were studied by PCR; epidemiologic trends were studied by pulsed-field gel electrophoresis (PFGE) and multilocus sequence typing (MLST). Inducible resistance was demonstrated in 28 (93% ؎6%) of 30 tested isolates in 1999, 21 (64%, ؎11%) of 33 in 2000, 12 (23% ؎7%) of 52 in 2001, and 6 (7% ؎3%) of 82 in 2002. All noninducible strains had the msr(A) gene. Among inducible resistant strains, 31 had erm(B), 24 had erm(C), and 12 had erm(A) genes. Two distinct pulsed types were the most prevalent; one of them was the most common pulsed type in 1999, whereas in 2002 a different pulsed type was prevalent. MLST analyses determined that ST-8 was the most common type, with 76% ؎5% found in 2002. All but one of these clindamycin-susceptible, erythromycinresistant ST-8 strains showed no induction of clindamycin resistance. We conclude that, among erythromycinresistant, clindamycin-susceptible CA-MRSA strains isolated from children in Dallas, inducible methylase resistance became less common from 1999 to 2002 (P < 0.001). The phenotype of strains was associated with their sequence type. Our results demonstrate a clonal shift in CA-MRSA in Dallas children from 1999 to 2002.
The rates of methicillin-resistant Staphylococcus aureus (MRSA) infection have dramatically increased in recent years in children and adult populations (12) . In some areas, methicillin resistance constitutes 40% or more of S. aureus isolates from patients (13, 25) and many are now recognized as community-acquired MRSA (CA-MRSA), based on a lack of known risk factors for acquisition of this organism (5, 7, 22; J. D. Siegel, N. B. Cushion, L. C. Roy, and K. K. Krisher, Abstr. 37th IDSA Meet., abstr. 597, 1999). Invasive infections with CA-MRSA can occur with significant morbidity and mortality in children (6) , but the majority are associated with mild to moderate skin and soft tissue infections (15) .
Clindamycin, a lincosamide antibiotic, is among the limited choices of antimicrobials effective against MRSA. There is concern about use of this antibiotic in the presence of erythromycin resistance because of the possibility of induction of cross-resistance among members of the macrolide, lincosamide, streptogramin B (MLS B ) group (14) . Demonstration of the inducible MLS B phenotype in isolates that are susceptible to clindamycin and resistant to erythromycin is possible by using the double-disk diffusion agar inhibitory assay, or D-test (32) .
Because the rates of inducible clindamycin resistance (MLS B phenotype) have ranged from 8% to 95% in different areas and at different times in the United States, we hypothesized that there had been a shift in the phenotypic mechanism of resistance in the past 4 to 5 years. The objectives of our study were (i) to determine the rate of CA-MRSA isolates that had inducible resistance to clindamycin at Children's Medical Center of Dallas from 1 January 1999 to 31 December 2002; (ii) to compare the phenotypic mechanisms of resistance evidenced by the D-test with the presence of resistance genes determined by PCR; and (iii) to ascertain whether the rate of inducible clindamycin resistance changed over time and, if so, whether there was an expansion of a specific clone during that period.
MATERIALS AND METHODS
Laboratory specimens. The clinical microbiology laboratory at Children's Medical Center of Dallas routinely saves all MRSA isolates recovered from pediatric patients seeking outpatient and inpatient medical attention. Staphylococcus aureus isolates were initially identified by standard laboratory methods followed by screening for oxacillin resistance using agar plates containing 6 g/ml of oxacillin (16) . After October 2002, MRSA isolates were identified by the penicillin binding protein latex agglutination test (Oxoid Inc., Ogdensburg, NY). Further susceptibility tests of MRSA isolates were performed using the Mi-croScan dried gram-positive panels with the Micro Scan Walk Away 96 system (Dade MicroScan Inc., West Sacramento, CA). Isolates collected from 1 January 1999 to 31 December 2002 were retrospectively identified, and the medical records of these patients were reviewed by a single investigator (N.C.) to collect demographic and clinical data. Isolates were classified as CA-MRSA if they were obtained from patients without a history of MRSA infection at our institution and included isolates from outpatients and inpatients within the first 72 h of hospitalization. Only the initial isolate from each patient in the study period was used in our studies. Isolates from patients with a known diagnosis of cystic fibrosis and those isolates obtained for infection control purposes were excluded. Microbiology records were reviewed to determine the reported antimicrobial susceptibilities of these CA-MRSA strains to clindamycin and erythromycin. CA-MRSA isolates that were both susceptible to clindamycin (Cli s ) and resistant to erythromycin (Ery r ) were identified, and out of a total of 468 isolates, a randomly selected sample of 197 isolates was used to determine the presence of inducible resistance to clindamycin (see Table 1 ). The random selection of samples was based on the number of available isolates each year and the desirable precision for the expected proportions.
The study was approved by the Institutional Review Board of the University of Texas Southwestern Medical Center of Dallas. Informed consent was not required.
Phenotypic inducible resistance to clindamycin by D-test. The presence of inducible clindamycin resistance was sought in a sample of pediatric CA-MRSA isolates that were Cli s Ery r , using the D-test as previously described (32) . Briefly, isolates were plated on a Mueller-Hinton agar plate at a MacFarland concentration of 0.5 to evenly cover the agar surface. Clindamycin and erythromycin disks, containing 2 g and 15 g of each antibiotic, respectively, were placed in the center of the plate separated by a distance of 1.5 cm between the edges (23). Plates were incubated at 37°C for 24 h. Inducible resistance to clindamycin was defined as blunting of the clear circular area of no growth around the clindamy-cin disk on the side adjacent to the erythromycin disk and was designated D-test positive. Absence of a blunted zone of inhibition was designated D-test negative, which shows that the strain is truly susceptible to clindamycin. PFGE. Isolates studied by D-test in 1999 (n ϭ 30) and 2002 (n ϭ 82) were also tested by pulsed-field gel electrophoresis (PFGE) to assess their genetic relatedness. PFGE was also performed in a randomly selected sample of isolates from 2000 (21 of 33) and 2001 (19 of 52). PFGE was performed using digestion of the genomic DNA by SmaI as described elsewhere (29) . After staining with ethidium bromide, DNA fragments were photographed and analyzed. The guidelines of Tenover et al. were used to interpret the PFGE patterns. Isolates were considered indistinguishable if they had the same electrophoretic pattern and clonally related if they showed differences of Յ3 bands (31) .
Mechanisms of resistance by PCR. The macrolide resistance mechanisms of the 197 Cli s Ery r isolates included in this study were tested at the Hershey Medical Center by PCR using specific primers to detect the presence of erm(A), erm(B), erm(C), and msr(A) genes as described by Sutcliffe et al. (30) .
MLST. Multilocus sequence typing (MLST) of representative clones was done as described at www.mlst.net. Template DNA for PCR was prepared using InstaGen Matrix, as recommended by the manufacturer (Bio-Rad Laboratories, Hercules, CA). After amplification, PCR products were purified from excess primers and nucleotides using a QIAquick PCR purification kit (QIAGEN, Valencia, CA) and sequenced directly using the CEQ8000 genetic analysis system (Beckman Coulter, Fullerton, CA).
Statistical analysis. To compare differences between groups, data were analyzed using the chi-square and Fisher exact tests with the statistical software package Sigma Stat version 3.0. In addition, Mantel-Haenszel extension of the chi-square test for trend analysis was performed to test the significant linear changes in proportions over time. All proportions are reported along with their standard errors (SE).
RESULTS
Changes in macrolide resistance over the years. The erythromycin resistance rates were 74 to 80% from 1999 to 2001. In 2002, the resistance rate climbed to 92%. Among erythromycin-resistant strains, clindamycin resistance rates dropped from 22% to 10% over 4 years. Before being studied for the possibility of inducible clindamycin resistance, 90% of the strains appeared susceptible to clindamycin among CA-MRSA strains in 2002 (Table 1) . MLST. To better define the epidemiology of the most common CA-MRSA strains in our population, representative strains for the most common PFGE-defined clones were studied at the molecular level by MLST. These clones included PT-A (n ϭ 9), PT-B (n ϭ 40), and PT-F (n ϭ 100) (Fig. 2) . PT-A strains belonged to ST-5 and PT-B strains to ST-1, and PT-F isolates corresponded to ST-8. Figure 3 depicts the distribution of the most common pulsed types and the corresponding sequence types during the 4-year study period. All 40 ST-1 strains and 8 of 9 ST-5 strains had inducible clindamycin resistance. In 99 of the 100 ST-8 strains, clindamycin resistance was not inducible. The one ST-8 strain that showed inducible resistance to clindamycin was obtained in 2002 and had a PFGE pattern identical to the dominant PT-F strains. PCR demonstrated the presence of both erm(B) and msr(A) genes in this isolate.
DISCUSSION
The increased incidence of disease caused by CA-MRSA in Dallas children as well as in many other cities has created a dilemma regarding appropriate initial empirical antibiotic therapy. Because greater than 50% of S. aureus isolates at Children's Medical Center of Dallas are CA-MRSA, the usual antistaphylococcal penicillins are ineffective. Clindamycin is an appealing option because of its proven efficacy and safety and convenience of parenteral and oral administration in pediatric patients, but the possibility of inducible resistance is a concern.
Inducible clindamycin resistance in our pediatric CA-MRSA strains, evidenced by a positive D-test and confirmed by the presence of erm genes by PCR, markedly decreased from 1999 to 2002. The resistance pattern change we observed also was associated with the predominance over time of a clonally related strain that we classified as pulsed type F by PFGE and further identified by MLST as ST-8. ST-8 strains have shown at least two different PFGE patterns, classified as USA500 and USA300 in previous reports; the latter has been associated with community-acquired infections in Mississippi, Texas, Tennessee, and Georgia, whereas the epidemiology of USA500 has shown these strains to be health care associated. Therefore, our predominant strain is likely to belong to the USA300 group, by this classification (19) . The susceptibility rates of CA-MRSA to clindamycin have been studied by other authors. Hussein et al. showed that 23% of all S. aureus isolates from hospitalized pediatric patients in Chicago from 1998 to 1999 were MRSA, and of these, CA-MRSA comprised 43% (n ϭ 10) (13) . Seven of their 10 isolates were clindamycin susceptible, but no D-test was performed. PFGE analyses showed diverse clonality in this small isolate sample.
Frank et al. in Chicago also reported an increase of CA-MRSA isolates from the total MRSA strains in their pediatric population (9) . They studied 91 available MRSA isolates from 1987 to 1997 and found that 59 were CA-MRSA. CA-MRSA acquisition strongly correlated with clindamycin susceptibility, although inducible resistance was not investigated (8) . PFGE analyses of some of these isolates distinguished two predominant PFGE groups concordant with the presence or absence of clindamycin susceptibility. The PFGE group with the greater number of clindamycin-susceptible isolates was the one with the greater proportion of CA-MRSA isolates and was the prevalent group in the latter part of their study period (1) . In a later report that included samples up to and including the year 2000, these researchers focused on clindamycin-susceptible MRSA isolates and found that, contrary to our data, the majority of strains were also erythromycin susceptible (10). Among the 33 isolates that were Cli s Ery r , 31 (94%) were D-test positive.
In Corpus Christi, Texas, CA-MRSA in children increased from 12% of total MRSA isolates in 1990 to 80% in 2000; 92% of these CA-MRSA isolates were susceptible to clindamycin, as determined by routine susceptibility testing, but the D-test was not performed (7) .
In (18) . The clonality of different CA-MRSA isolates has been studied in different regions. In Chicago, the majority of their pediatric Cli s CA-MRSA from 1987 to 2000 belonged to a single pulsed type, and the majority were also Ery s . These authors noted the appearance of three new pulsed subtypes among the Cli s Ery r groups that were not observed before 1998 (10) . The predominant clonal group in Chicago was also the most common among 174 CA-MRSA strains from a study in Minnesota from 1996 to 1998, which included 105 isolates from patients Ͻ16 years old (21) . Clonally related pediatric CA-MRSA strains have been studied in a different hospital in Chicago, where two strains with identical PFGE patterns were assigned to MLST type 1 (20) . PFGE patterns of these strains were identical to the fully sequenced strain MW2 (4), which caused fatal MRSA disease in a child in North Dakota (6) . The spread of the MW2 strain in postpartum women has also been documented in New York (24) . In a study of 581 MRSA strains in Wisconsin from 1989 to 1999, researchers found that none of the major clonal groups belonged to ST-8 and one of the predominant clones was identical to strain MW2, and therefore, MLST type 1. These authors however, did not have clinical data to define CA-versus hospital-acquired MRSA (28) .
The striking differences in inducible clindamycin resistance between the northwestern and southwestern areas of the United States could likely be explained by the prevalence of different CA-MRSA clones in different areas of the country. Alternatively, these contrasting results might also be a result of differences in study periods, since our study included strains recovered up to 2002 and the inducible resistance reports from northwestern areas discussed above do not address data regarding inducible clindamycin rates from recent years. Recent data from Texas Children's Hospital in Houston (3) indicate that the predominant clone reported in our study was also the most prevalent among their CA-MRSA isolates evaluated until July 2003, perhaps suggesting that once these clones become prevalent they are able to spread rapidly and predominate in large geographic areas.
The reasons for the predominance of certain MRSA clones over others are unclear, and selective antibiotic pressure is one possibility. The genetic determinants of macrolide resistance vary in different regions of the world. In a European study from 24 countries, 93% of macrolide-resistant MRSA strains were constitutive and 7% were inducible, but none carried the msr(A) gene (26) . In another study in the United States, none of 465 MRSA isolates from adult outpatients had the msr(A) gene (2) . Taken together, these studies indicate that the prevalence of clindamycin-susceptible, erythromycin-resistant CA-MRSA isolates among U.S. children might be different from the phenotype observed in adult patients in this and other countries. Additionally, in these countries, erm-type resistance in Streptococcus pneumoniae is predominant, in contrast to the United States, where efflux-mediated resistance rates are high (27) . Increased macrolide use among children may be the reason for the increased macrolide resistance of the CA-MRSA strains isolated from pediatric patients in the United States (11) .
There is ongoing research directed to defining the most appropriate antibiotic therapy for CA-MRSA (17) . When clindamycin treatment is considered, laboratories should perform a D-test to try to avoid treatment failures in the presence of inducible resistance. The data discussed above would support the use of clindamycin for empirical therapy for CA-MRSA infections in areas where low rates of both constitutive and inducible clindamycin resistance are prevalent. However, the finding in the latter part of our study of a strain belonging to a predominant clone with the presence of an erm gene is worrisome because these strains could possibly acquire these genetic determinants of resistance, which are known to be carried in mobile genetic elements, such as plasmids and transposons.
